The strict class system in place during the Edo (early modern) period in Japan is thought to have encompassed customs that differed between the samurai (ruling class) and commoners. This study found that in samurai children, deciduous caries occurred only in maxillary incisors at 0.5-2 years of age and did not occur in the mandibular incisors and canines at 3-5 years of age. Conversely, in commoner children, deciduous caries occurred in all maxillary teeth and mandibular molars at 0.5-2 years of age and in all maxillary and mandibular teeth at 3-5 years of age. In commoner children, deciduous caries was seen in tooth types that have a low incidence of deciduous caries in modern Japanese. The present results show that deciduous carious lesions appear earlier and more frequently in the commoner children compared to the samurai children, probably because of differences in lifestyle between the two groups. There was no significant difference in the incidence of enamel hypoplasia in the deciduous dentition between samurai and commoner children, suggesting that the two classes had broadly comparable nutrition. In our previous study using the same skeletal series, similar results between samurai and commoners were found with respect to caries and enamel hypoplasia prevalence of the permanent dentition. Many of the samurai adults had slick polished teeth, which we believe were caused by regular brushing of the teeth in the samurai class. Such a custom might have functioned to prevent dental caries not only in the permanent dentition, but also in the deciduous dentition. Thus, oral hygiene practices in the samurai class are thought to have functioned to prevent dental caries not only in adults but also in children.
Introduction
In the Edo period of Japan (1603-1867: the early modern period), a class system based in law divided the population into samurai, farmer, craftsman, and merchant classes. The samurai class came into existence in the Middle Ages, and although they were originally warriors, in the Edo period they belonged to the ruling class. The law was very strict: residence, occupation, and clothes were restricted according to class, and marriage between the different classes was prohibited (Inoue, 1963) . The samurai was expected to have a lifelong devotion to his lord. Courtesy and manners were the most precious thing to the samurai (Research Project of the Samurai's Life, 1991) . It is thought that various customs dif-fered between the samurai and commoners, probably including customs relating to diet and oral hygiene. The question we focus on here is whether differences in customs between samurai and commoners caused differences with respect to dental caries.
Reports by Sakura (1964) and Inoue et al. (1982a) have provided data on dental caries in commoners living in the Edo period. Regarding the samurai of the Edo period, however, aside from our own work, only a single report exists, which concerns the dental caries status of members of the shogun's family (Sakura, 1964) . However, the shogun's family belonged to the uppermost class of samurai, and, as Sakura (1964) noted, cannot be considered typical of the samurai class.
We previously examined whether any differences existed in the pathology of the permanent dentition of samurai and commoners, determined from remains excavated from Kokura in Fukuoka prefecture (Oyamada et al., 2004 (Oyamada et al., , 2007 . We found that the incidence of caries in the dentition of the samurai was significantly lower than that in commoners in the younger adult, middle-aged adult, and combined adult age groups. In that study, we concluded that the differ-ence in the incidence of caries between the samurai and the commoners was influenced by their differing lifestyles. Many (20.3%: individual count of 32/158) of the samurai adults had slick polished labial and buccal tooth surfaces compared to the commoner adults (2.7%: individual count of 5/185). Tooth brushing with a tufted toothpick was recorded as early as the Edo period, during which time many types of tooth powder were sold (Hasegawa, 1993) . We believe that these slick polished surfaces were caused by regular brushing of the teeth (Oyamada et al., 2004) . This custom might have functioned to prevent dental caries. To reinforce the hypothesis that differences in oral hygiene practices existed between samurai and commoners, in the present study, we examined whether there were any differences between the two classes with respect to the pathology of the deciduous teeth.
Materials and Methods
The old Sougenji Temple burial site is located in Kokura, Fukuoka Prefecture, Japan (Figure 1 ). The old Sougenji Temple site was excavated in 1992, revealing more than 600 graves containing 357 skeletons of the samurai class. Based on evidence such as the form and design of vessels, archaeologists consider the bodies to have been buried during the 17th or 18th century (Ogata, 1995) .
Also located in Kokura, Fukuoka Prefecture, close to the old Sougenji Temple site, is the Kyoumachi burial site. This site was excavated in 1992, at which time 1211 skeletons of commoners were excavated. Archaeologists consider the bodies to have been buried during the 16th-19th centuries (Kamimura, 1993) .
We only examined deciduous teeth that had completely erupted. One of us (J.O.) assigned the skeletons to age groups based on tooth eruption and root formation (The Japanese Society of Pedodontics, 1988). We classified the child skeletons as Phase 1: deciduous dentition not yet complete (about 0.5-2 years of age), Phase 2: deciduous dentition complete (about 3-5 years of age), or Phase 3: mixed dentition (about 6-10 years of age). Table 1 lists the details of the skeletons that were examined in the present study. All materials were checked for tooth morbidity and enamel hypoplasia (EHP) by the first author.
The following data were tabulated for both samurai and commoner children: number of teeth observed (Observable), number of carious teeth (Caries), and incidence of caries (Caries %). The severity and location of dental caries was assessed using the naked eye, with the aid of dental tools. The highest EHP prevalence was found in the deciduous maxillary central incisor among the Edo materials (Yamamoto, 1989) . We checked for EHP on the maxillary central incisors according to the method of Yamamoto (1989) . The time of occurrence was assessed as prenatal, perinatal, or postnatal according to the proportionate position of the defect on the crown, in reference to Tabe's (1974) description of the neonatal line in Japanese deciduous teeth: onethird of the deciduous maxillary central incisor is formed prenatally and the remaining part is formed postnatally. The defect corresponding to the neonatal line was judged as perinatal. Following Yamamoto (1989) , in the present study, caries cavities extending transversely on the enamel surface were regarded to be a consequence of EHP. The incidence of EHP was compared by tooth and by individual between the samurai and commoner children.
Results

Prevalence of dental caries
The incidences of caries in the samurai and commoner children are shown in Table 2 and Table 3 . Because there are not many teeth in each tooth type, we grouped them as incisors, canines, and molars. Table 2 and Table 3 contain the results of the chi-square test or Fisher's exact test between maxillary and mandibular total dentition in each group. Table 4 shows the results of the chi-square test or Fisher's exact test between the samurai and commoner children. The incidences of caries in the maxillary total dentition are significantly higher than that in the mandibular total dentition in Phase 1, Phase 2, and all materials of both the samurai and commoner children. The incidence of caries in the deciduous maxillary incisors is especially high in Phase 1 and Phase 2 Phase 1, deciduous dentition not yet complete (0.5-2 years of age); Phase 2, deciduous dentition complete (3-5 years of age); Phase 3, mixed dentition (6-10 years of age).
of both the samurai and commoner children. In Phase 1, although deciduous caries occur in maxillary incisors in the samurai children, deciduous caries occur in all maxillary teeth and mandibular molars in the commoner children. In Phase 2, although deciduous caries are not seen in the mandibular incisors and canines in the samurai children, decidu- ous caries are seen in all maxillary and mandibular teeth in the commoner children. In Phase 3, because few deciduous teeth remain, comparisons between the samurai and commoner children are difficult. The incidence of caries in the mandibular total dentition and Total dentition of Phase 2, and in the mandibular deciduous molars, the mandibular total dentition, and Total dentition of all materials are significantly lower in the samurai children than in the commoner children.
Locations of dental caries (Table 5 and Table 6 ) The locations of caries (i.e. the positions of caries within the tooth) were recorded to determine whether differences in the frequencies of carious teeth between the samurai and commoner children were associated with differences in the locations of the caries. Only one instance of caries in the cemento-enamel junction area was found, in one of the commoners. Other caries lesions are located on the tooth crown. 
Enamel hypoplasia of the deciduous maxillary central incisors
There is no significant difference in the incidence of EHP both by individual and tooth between the samurai and commoner children (Table 7) . The estimated times when EHP occurred are shown in Table 8 . Only one case of EHP in samurai children is estimated to have occurred perinatally, while the other seven cases occurred postnatally.
Discussion
Patterns of deciduous caries prevalence
The incidence of deciduous caries in the modern Japanese is known to be high for the maxillary incisors and mandibular molars, somewhat lower for the maxillary canines and molars, and very low for the mandibular incisors and canines (Fukada and Akasaka, 1981) . Moreover, the incidence of caries of the deciduous maxillary incisors is the highest until about 2 years of age (Fukada and Akasaka, 1981) . In the present study, the incidence of caries in the maxillary total dentition was found to be significantly higher than that in the mandibular total dentition in growth stages Phase 1, Phase 2, and all materials of both the samurai and commoner children. The incidence of caries in the deciduous maxillary incisors was especially high in Phases 1 and 2 of both the samurai and commoner children. These results of the samurai and commoners correspond to the general characteristics of deciduous caries prevalence seen in the modern Japanese.
Comparisons between the samurai and commoners can be summarized as follows. In Phase 1, deciduous caries of the samurai children is only seen in the maxillary incisors, while deciduous caries of the commoner children is seen in all maxillary teeth and in the mandibular molars. In Phase 2, caries of the samurai children occur in the maxillary inci-sors, canines, and molars, as well as in the mandibular molars. On the other hand, caries of the commoner children occur in all of the teeth of both jaws in Phase 2. Deciduous caries in samurai children is seen in the tooth types in which the incidence of caries is comparatively high in the modern Japanese. Conversely, deciduous caries in commoner children is seen in the tooth types in which the incidence of caries is both high and low in the modern Japanese. Therefore, the present results show that deciduous carious lesions appear earlier and more frequently in the commoner children compared to the samurai children of the Edo period.
In a previous study, we examined the dental pathology of the permanent dentition of the same group of skeletons (Oyamada et al., 2004) . In that study, the incidence of caries in the samurai adult was significantly lower than that in the commoner adult. To exclude the influence of regional environmental factors other than lifestyle, we compared samurai and commoner skeletons from the same time-period and the same area. Therefore, the difference between samurai and commoners with respect to caries prevalence in both permanent and deciduous dentitions must be due to a difference in lifestyle between the two groups. Many samurai adults had slick polished teeth, which we believe were caused by regular brushing. We believe it likely that this custom functioned to prevent dental caries. If the lower incidence of caries in the samurai adults resulted from the influence of oral hygiene practices, then it follows that the incidence of caries in the deciduous teeth of the samurai children should also be lower than that of the commoner children. The present results support that hypothesis. No slick polished deciduous teeth are noted in the present materials. Because the tufted toothpicks used by males were harder than those used by females (Fujita, 2001) , the tufted toothpicks used by children are thought to be softer than those used by adults. That might be one reason for the absence of slick polished deciduous teeth. A significant difference in the incidence of deciduous caries between the samurai and commoner children was seen in the mandibular total dentition of Phase 2. It can be assumed that the difference between samurai and commoner children with respect to the occurrence of deciduous caries was due to daily tooth brushing, which is a difficult task for children to do themselves. Today, parents brush their children's teeth, and parents probably brushed their children's teeth in the Edo period as well. Although brushing the mandibular teeth is comparatively easy, brushing the maxillary teeth is difficult. This is thought to be one reason why the incidence of deciduous caries in the mandibular total dentition of the samurai children is significantly lower than that in the commoner children.
There is only one published report (Inoue et al., 1982b) (Table 9 ) regarding the prevalence of deciduous caries in an ancient Japanese population. In that study, the incidence of caries in skeletons of the Yayoi period (300 BC-300 AD) was 5.9% in the maxillary dentition, 1.8% in the mandibular dentition, and 3.8% overall. The incidence of caries in the Yayoi children was significantly lower than that found in either the samurai or the commoner children of the early modern (Edo) period. It is likely that these differences are due to lifestyle factors and the quality of childhood life. Archaeologically, the immigrant Yayoi people are thought to have been farmers and the native Yayoi people (the descendants of the Jomon people) are thought to have been huntergatherers. However, Inoue and colleagues did not discuss the environment from which the Yayoi skeletons were excavated, so it is unknown whether the Yayoi sample they investigated were hunter-gatherers or farmers.
Enamel hypoplasia and caries
The diet of the general samurai was plain and thought to be the same as that of the commoners (Watanabe, 1964; Research Project of the Samurai's Life, 1991) . In our previous study, we also examined whether EHP (which can be caused by a variety of nutritional deficiencies or systemic diseases occurring during tooth formation) was present in the permanent dentition of the same group of skeletons of the present study (Oyamada et al., 2004) . We found that the incidence of EHP by individual in the samurai (75.6%) and commoners (76.1%) was almost the same. In the present study, we also found no significant difference in the incidence of EHP in the maxillary deciduous central incisors by tooth and by individual between the samurai and the commoner children. The stature (body height) of the samurai and commoner adults are estimated to be almost the same (Matsushita, 1995) . These observations suggest a broadly comparable nutritional status between the samurai and commoners.
Regarding the developmental timing when EHP occurred in children, most EHP in the maxillary deciduous central incisors occurred postnatally as found by Yamamoto (1989) for the early modern Japanese children in Edo. Therefore, the causes of the EHP in the samurai and commoner children may include nutritional deficiencies, respiratory distress, hypocalcanemia, and gastrointestinal infections during the postnatal period similar to modern children (Ishikawa and Akiyoshio, 1978) .
In the present results, the incidence of caries in the deciduous maxillary incisors of the samurai and commoner children was higher than that in the other teeth. Pascoe and Seow (1994) observed a similar phenomenon in Australian Aboriginal children and also found that the incidences of caries and EHP of the maxillary incisors were highly correlated. Infante and Gillespie (1976) stated that linear EHP was a predisposing factor for dental caries. In the present study, a high proportion of all deciduous maxillary central incisor caries consisted of transverse caries that were deemed to be a consequence of EHP [62.5% (5/8) in samurai children and 60.0% (6/10) in commoner children]. There-fore, it seems that EHP is one of the key factors in the high incidence of caries of the deciduous maxillary incisors.
Comparison with results from other countries
There are few reports regarding the incidence of caries in the deciduous teeth of ancient peoples worldwide (James and Miller, 1970; Moore and Corbett, 1971 , 1973 , 1975 Lunt, 1972; Corbett and Moore, 1976; Williams and Curzon, 1985; O'Sullivan et al., 1993) because deciduous teeth are more fragile than permanent teeth. Corbett (1975) and O'Sullivan et al. (1993) studied 17th and 18th century British populations, respectively, and both reported the incidence of caries of the deciduous molars, which was 28.6% (14/49 teeth examined) in the 17th century and 8.8% (12/136 teeth examined) in the 18th century. These incidences differ considerably from each other, but the patterns of caries attack in both populations were similar to those occurring in modern populations. In modern populations, deciduous molar caries are found to occur most frequently on the surfaces of tooth crowns. In the earlier periods, however, molar caries most frequently occurred at the cementoenamel junction area (Moore and Corbett, 1971 , 1973 , 1975 Corbett and Moore, 1976; Williams and Curzon, 1985; O'Sullivan et al., 1993) .
In the present study, only one instance of caries at the cemento-enamel junction area was found, in one of the commoner children. Other caries lesions of deciduous molars were located on the tooth crown. Thus, the pattern of carious attack in the deciduous molars of this early modern Japanese population was already similar to that of modern populations. Inoue et al. (1982b) did not discuss the positions of the caries lesions in the Yayoi skeletons, and there is no data available for the medieval period. Therefore, it is not known when there might have been a change in the position of molar carious attack, from the cemento-enamel junction to the tooth crown surface. However, domestic sugar production began during the early modern period and sugar-based confections became popular around this period (Watanabe, 1964) . This must have changed the dental caries situation of the Japanese populations.
Conclusions
The present results show that deciduous carious lesions appear earlier and more frequently in the commoner children compared to the samurai children during the Edo period in Japan. There is no significant difference in the incidence of EHP in the deciduous dentition of samurai and commoner Observable  30  19  53  102  33  22  55  110  212  Intact  28  19  49  96  33  22  53 108 204 C a r i e s 2 0 4 6 0 0 2 2 8 Caries % 6.7 0.0 7.5 5.9 0.0 0.0 3.6 1.8 3.8
From Inoue et al. (1982b) . Incisor, central incisor + lateral incisor; molar, first molar + second molar.
children. In our previous study, similar results between samurai and commoner adults were found with respect to the incidences of caries and EHP of the permanent dentition. The significant difference in the incidences of caries in both deciduous and permanent dentitions between the samurai and commoners of early modern (Edo period) Japan is probably due to differences in lifestyle between the two groups. The lack of significant differences in EHP incidence in either deciduous or permanent dentitions suggests a broadly comparable nutritional status. Many samurai adults had slick polished teeth, which we believe were caused by regular brushing. Therefore, we believe that oral hygiene practices in the samurai functioned to prevent dental caries not only in adults but also in children.
